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Purpose: Although evidence is accumulating that advanced age is a risk factor for carotid angioplasty and stenting (CAS),
the reason for this finding is incompletely understood. The aims of this study were to compare the prevalence of anatomic
risk factors in patients <80 years with those in patients >80 years and to determine the effect of these risk factors on the
incidence of new lesions seen on diffusion-weighted imaging (DWI) after protected CAS as surrogate markers for stroke.
Methods: Various potential anatomic risk factors for CAS were analyzed in 62 symptomatic patients (49 aged <80 years;
13 aged > 80 years) by using preprocedural digital subtraction angiograms and extracranial contrast-enhanced magnetic
resonance angiographies. DWI was performed immediately before and <48 hours after the procedure. Clinical outcome
measures were stroke and death <30 days.
Results:The octogenarians had a significantly higher incidence of severe aortic arch calcification (54% vs 14%, P< .01) and
ulcerated stenoses (69% vs 22%, P< .01), but no statistically significant differences were found between treatment groups
in elongation of the aortic arch, common or internal artery tortuousities, degree of stenosis, or length of the stenosis.
Although the differences in clinical outcome between the treatment groups (4% aged<80 years vs 8%>80 years) were not
significant, the proportion of patients with any new ipsilateral DWI lesions, as well as the total number of these lesions,
was higher in octogenarians than in patients aged <80 years (85% vs 47%, P < .05), with a median of 2 (interquartile
range [IQR], 1 to 5) vs 0 (IQR, 0 to 3; P .07). Similarly, the proportion of patients with any new DWI lesions outside
the vascular territory of the target vessel as well as the total number of these lesions was significantly higher in
octogenarians compared with patients aged<80 years (54% vs 10%, P< .01), with a median of 1.5 (IQR, 0.25 to 10.75)
vs 0 (IQR, 0 to 1; P< .05). The presence of an ulcerated lesion was an independent predictor of any new ipsilateral DWI
lesion (odds ratio [OR], 4.3; 95% confidence interval [CI], 1.06 to 17.1; P < .05), whereas a severe aortic arch
calcification tended to be a predictor of new DWI lesions outside the territory of the treated artery (OR, 1.8; 95% CI, 0.99
to 3335; P  .05).
Conclusions: Increased prevalences of severe aortic arch calcifications and target lesion ulceration are associated with an
increased risk for magnetic resonance DWI–detected embolic events during CAS. Because in our study arch calcification
and target lesion ulceration were more prevalent in octogenarians, this association may explain the increased risk of CAS
in the elderly. ( J Vasc Surg 2008;47:88-95.)Carotid angioplasty and stenting (CAS) is currently
being evaluated as an alternative treatment modality to
carotid endarterectomy (CEA) in patients with severe ca-
rotid artery stenosis. Although evidence is accumulating
that CAS can be performed with acceptable periprocedural
complication rates,1,2 advanced age has been identified as a
major risk factor for this procedure. The ongoing Carotid
Revascularization Endarterectomy vs Stenting Trial
(CREST), for instance, documented increased complica-
tion rates in older patients. Divided into age cohorts of60
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88years, 60 to 69 years, 70 to 79 years, and 80 years, the
composite stroke and death rates in that study were 1.7%,
1.3%, 5.3%, and 12.1%, respectively (P  .001).3 In the
Stent-Supported Percutaneous Angioplasty of the Carotid
Artery versus Endarterectomy (SPACE) trial, the 30-day
stroke and death rates were 11% in patients 75 years
compared with 5.9% in patients 75 years.4 Similar results
have also been obtained in several other large, single-center
studies and registries.5-8
The reason for the higher incidence of neurologic com-
plications among elderly patients undergoingCAS is currently
incompletely understood. Recent suggestions are that a more
complex vascular anatomy, such as aortic arch elongation,
common carotid and innominate stenosis, or internal and
common carotid artery tortuosity could account for this find-
ing.9 On the other hand, the significantly elevated 30-day
periprocedural stroke rate of 12.1% in octogenarians vs 4% in
nonoctogenarians in CREST apparently did not correlate
with anatomic risk factors, the use of cerebral protection
devices, symptom status, or degree of stenosis.3
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clinical events after CAS, however, only large studies will be
able to establish a definite relationship between specific
anatomic characteristics and clinical outcome. It is likely
that diffusion-weighted images (DWI) obtained with mag-
netic resonance imaging (MRI) before and after CAS will
provide a means of overcoming this limitation. Numerous
studies have demonstrated that the incidence of new lesions
seen on DWI after CAS greatly exceeds the incidence of
clinical stroke.10-26 Although it is beyond doubt that the
impact of new DWI-detected lesions on clinical outcome
depends on several patient characteristics, including the
presence of cardiovascular risk factors, intracerebral hemo-
dynamics, or prior clinical symptoms in the affected vascu-
lar territory, the total number of new DWI-detected lesions
correlated well with the clinical outcome in a recent
study.17 DWI therefore appears to be a useful surrogate end
point for clinical stroke and is also valuable for the detection
of ischemic lesions outside the territory of the treated
vessel, which might reflect unfavorable anatomic character-
istics within the access route.
The aims of this study were to compare the incidence of
anatomic risk factors between patients aged 80 years and
those 80 years and to determine the effect of these risk
factors on the incidence of new DWI lesions after CAS.
METHODS
Patients. We retrospectively reviewed our prospec-
tively collected database of all patients with high-grade
symptomatic carotid stenosis, defined as ipsilateral ocular or
cerebral transient or permanent ischemic event 180 days,
who underwent protected CAS at our institution from
2001 to 2006. As part of our CAS protocol, all patients
without contraindications for MRI and who were willing to
participate in this substudy had received DWI brain scans
before and after the intervention. For this analysis, patients
were eligible if (1) digital subtraction angiograms of the
complete aortic arch as well as the lesion/stenosis were
available for examination and (2) if DWI brain scans had
been obtained before and after the intervention. The over-
all results of our case series and various subgroup analyses
have been published previously.5,17,27,28
All patients were informed about the investigational
nature of CAS and gave their written consent. Our CAS
protocol and the additional MRI studies were approved by
our Institutional Ethics Review Board.
Carotid stent protocol. All CAS procedures were
performed using a standardized protocol described in detail
recently.28 Depending on physician preference and com-
mercial availability, four filter-type cerebral protection de-
vices were used in the study. They included Neuroshield in
10 (MedNova, Galway, Ireland), Angioguard in 4 (Cordis,
Johnson & Johnson, Minneapolis, Minn), Emboshield in
30 (Abbott, Chicago, Ill), and Filterwire in 18 (Boston
Scientific, Natick, Mass). Two different expandable stents
were used: the Smart/Precise (Cordis-Johnson & John-
son-Cordis) was used in 59 patients and the Wallstent
(Boston Scientific) in three.Magnetic resonance imaging. In all patients, MRI
scans were obtained immediately before and 48 hours
after the intervention. MRI was performed by echo planar
imaging (EPI) using a 1.5-T MRI system (Siemens Mag-
netom Vision or Sonata, Siemens, Erlangen, Germany)
according to a standardized protocol. In all patients, mul-
tislice diffusion-weighted single-shot EPI images with the
following parameters were acquired: repetition time, 0.8
ms; echo time, 123 ms; acquisition time, 4 seconds; b 
1100 s/mm2. Diffusion sensitivity was in the slice selection
direction and hence perpendicular to the imaging plane.
Five measurements were taken, the first run was omitted,
and the remaining four were added to create an average
image with improved signal-to-noise ratio. The conven-
tional MRI sequences included T2-weighted fluid attenu-
ated inversion recovery turbo spin echo (FLAIR) images
(repetition time, 9000 ms; inversion time, 2200 ms; echo
time, 119 ms). In all subjects, an extracranial and intracra-
nial magnetic resonance angiography (MRA) was per-
formed before CAS using either a time-of-flight technique
or a heavily T1-weighted, contrast bolus-enhanced three-
dimensional-gradient echo sequence (repetition time, 3.2
ms; echo time, 1.2 ms; flip angle 30°; field of view, 300;
60-70 mm slice thickness; 36 partitions).
Image analysis. All image analyses were performed
jointly by a neuroradiologist (U. E.) and a neurologist
(A. K.). Both readers had extensive experience with the
interpretation of DWI scans and digital subtraction angio-
grams. With the exception of those patients who sustained
a stroke during CAS and had also been examined physically
by A. K., both readers were blinded to the clinical data,
especially the age of the patients.
Carotid plaque surface morphology and aortic arch
calcification were evaluated using the digital subtraction
angiograms obtained before CAS. Recently established cri-
teria were used to classify the carotid plaque surface mor-
phology as smooth, irregular, and ulcerated.29 Plaques
were classified as irregular if the plaque surface showed only
plaque surface irregularity, with no clear evidence of an
ulcer. If there was no surface irregularity or ulceration, the
plaque was classified as smooth. Aortic arch calcification
was classified as none, trace shadowing, luminal irregular-
ity, or diffuse calcification.
The aortic arch elongation, the common and internal
carotid artery tortuosity, the degree of the treated stenosis
according to European Carotid Surgery Trial (ECST) cri-
teria, and the lesion length (categorized into 10 mm or
10 mm) were determined using the digital subtraction
angiograms and the extracranial contrast-enhanced MRAs,
if applicable.
The aortic arch elongation classification was defined by
arch vessels arising from the top of the arch (class I),
between the parallel planes delineated by the outer and
inner curves of the arch (class II), and caudal to the inner
surface of the arch or of the ascending aorta (class III).9 For
both common and internal carotid tortuosity indices, the
following grading was used: 30° angulation from the
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(grade II), and 60° angulation (grade III).9
For further statistical analyses, aortic arch classes I and
II were compared with class III, and common/internal
carotid artery tortuosity indices grade I were compared
with grades II and III. These classifications were considered
to correspond to increasing preprocedural difficulty in ves-
sel cannulation.
For each patient, abnormal DWI-detected lesions were
identified by visual inspection. New lesions on DWI were
determined by slice-to-slice comparison of the DWI images
between both scanning sessions. In case of dissent, a second
neuroradiologist (T. N.) reviewed the images, and a deci-
sion was made by consent. All new DWI lesions were
described by their number, location in the brain (inside or
outside the vascular territory of the target lesion), and their
maximal diameter in mm, classified as 10 mm, 10 to 20
mm, and 20 mm. Large confluent lesions and territorial
infarctions were noted separately. The preinterventional
MRAs were used to decide if the new DWI lesions were
inside or outside the vascular territory of the treated artery.
This was done by determining the distribution of the
lesions within the different vascular territories (anterior or
posterior circulation; ipsilateral or contralateral to the
treated artery) and visualizing collateral blood flow patterns
within the circle of Willis.
Data collection and clinical evaluation. Careful his-
tory taking and precise neurologic examination was done in
each patient by three stroke neurologists (A. K., K. G., and
F. S.) before CAS, and additional neurologic examinations
were performed by one of two board-certified neurologists
(A. K., F. S.) the day after CAS and at day 30.
The following cerebrovascular risk factors were re-
corded using history or direct measurements: hypertension
(blood pressure 140/90 mm Hg measured on repeated
occasions), diabetes mellitus (hemoglobin A1c 6.5% or
fasting blood glucose 120 mg/dL), hyperlipidemia (fast-
ing serum cholesterol levels 220 mg/dL or statin ther-
apy), smoking (current or within the previous year), previ-
ous transient ischemic attacks and strokes, coronary artery
disease (angina, myocardial infarction, percutaneous trans-
luminal angioplasty or surgery), and the presence of con-
tralateral carotid disease as assessed with ultrasound imag-
ing. The current medication (type and dose) of each patient
was also recorded on a predefined electronic data sheet.
Definitions of postinterventional complication
rates. The definitions of postinterventional neurologic
complication rates that occurred 24 hours after CAS and
30 days were based on a previous study by Mathur et al30
and were defined as follows:
● Minor stroke: any new neurologic deficit (either ocular
or cerebral) that persisted for 24 hours and that
either resolved completely 30 days or increased 3
points on the National Institutes of Health (NIH)
stroke scale.● Major stroke: any new neurologic deficit that persisted
30 days or increased 3 points on the NIH stroke
scale.
Statistical analysis. Continuous values are expressed
as mean  SD and nominal variables as count and percent-
ages. Median values and the interquartile range were com-
puted as appropriate. Categoric data were compared with
two-tailed 2 statistics with Yates correction and the uni-
variate Fisher exact test. The Fisher exact test was used
when the predicted contingency table cell values were less
than five. Because the imaging data were not distributed
normally, differences between the subgroups were tested
by using the Mann-Whitney U statistic. For the entire
group, angiographic risk factors for new DWI lesions after
CAS were first identified using 2 statistics with the Yates
correction or the Fisher exact test. Variables achieving a P
 .10 were then entered into a logistic regression model
with a backward selection process. Statistical significance
was set at P  .05. All statistical analyses were performed
using SPSS 12 software (SPSS Inc, Chicago, Ill).
RESULTS
From 2001 to 2006, 368 consecutive patients were
treated with protected CAS at our institution. Patients with
an asymptomatic stenosis, those who had declined or were
unable to participate at the MRI substudy, and those
without angiograms covering the aortic arch were excluded
Fig. Flow chart shows protocol for patient selection. CAS, Coro-
nary artery stenting; DWI, diffusion-weighted image.(Fig). The study population thus consisted of 62 CAS
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which 49 patients (79%) were 80 years and 13 (21%) were
80 years. The demographic and clinical characteristics of
patients 80 years and 80 years were similar and are
summarized in Table I. With respect to potential anatomic
risk factors, the octogenarians had a significantly higher
incidence of severe aortic arch calcification (54% vs 14%, P
 .01) and ulcerated stenoses (69% vs 22%, P  .01; Table
II). In contrast, no statistically significant differences were
found between the treatment groups in elongation of the
aortic arch, common or internal artery tortuousities, degree
of stenosis, or length of the stenosis.
The clinical and imaging outcome data are summarized
in Table III. Periprocedural neurological complications
30 days included three strokes (4.8%), one in a patient
80 years (8%) and two in patients 80 years (4%; P 
0.5). All strokes occurred during the procedure. In the
post-treatment DWI scans, 163 new lesions were detected
within the vascular territory of the treated artery, whereas
156 new lesions were found outside the vascular territory of
Table I. Baseline characteristics of patients according to
age
Characteristic* Age 80 y Age 80 y P
No. 49 13
Age, mean (range) y 65 (51-78) 81 (80-86)
Male 32 (62.3) 8 (61.5) 1.0
Hypertension 35 (71.4) 13 (100) .029
Hyperlipidemia 30 (61.2) 11 (84.6) .187
Tobacco use (current, former) 13 (26.5 2 (15.4) .493
Diabetes 11 (22.5) 4 (30.8) .716
Coronary artery disease 13 (26.5) 6 (46.2) .192
Peripheral vascular disease 11 (22.5) 2 (15.4) .28
Contralateral ICA
Occlusion 8 (16.3) 2 (15.4) 1.0
Stenosis 70% 2 (4.1) 0 (0) 1.0
Presenting event
Amaurosis fugax 7 (14) 1 (8) 1.0
Hemispherical TIA 17 (35) 5 (39) 1.0
Minor stroke 25 (51) 7 (54) 1.0
Any DWI lesion before CAS 14 (29) 4 (31) 1.0
ICA, Internal carotid artery; TIA, transient ischemic attack; DWI, diffusion-
weighted image; CAS, carotid artery stenting.
*Data are presented as number (%) unless noted otherwise
Table II. Anatomic risk factors according to age
Anatomic factor* Age 80 y Age 80 y P
Arch elongation 11 (22) 3 (23) 1.0
Arch calcification 7 (14) 7 (54) .01
CCA or ICA tortuosity 8 (16) 3 (23) .7
Degree of stenosis, %† 85  8 84  7 1.0
Ulcerated stenosis 11 (22) 9 (69) .01
Lesion length 1cm 18 (37) 6 (46) .5
CCA, Common carotid artery; ICA, internal carotid artery.
*Continuous data are presented  standard deviation; categoric data as
number (%).
†According to European Carotid Surgery Trial (ECST) criteria.the target vessel. In patients aged 80 years, 105 of theseipsilateral postprocedural new DWI lesions had a diameter
of 10 mm (one patient with 9 lesions sustained a minor
stroke), four lesions had a diameter of 10 to 20 mm, and
one lesion had a diameter 2 cm associated with a minor
stroke. In patients aged 80 years, 51 of these ipsilateral
postprocedural new DWI lesions had a diameter of 10
mm, one lesion had a diameter of 10 to 20 mm, and one
patient had a large confluent lesion that led to a minor
stroke. Thus, in both groups, nearly all new DWI lesions
had a diameter of 10 mm and were asymptomatic.
Neither the type of protection device nor the type of
stent used was associated with the incidence of new DWI
lesions (data not shown). The proportion of patients with
any new ipsilateral DWI lesion(s), as well as the total
number of these lesions, was higher in octogenarians than
in the younger patients (85% vs 47%, P  .05), with a
median of 2 (interquartile range [IQR], 1 to 5) vs 0 (IQR,
0 to 3, P  .07). Similarly, the proportion of patients with
any new DWI lesion(s) outside the vascular territory of the
target vessel as well as the total number of these lesions was
significantly higher in octogenarians compared with pa-
tients 80 years (54% vs 10%, P  .01), with a median of
1.5 (IQR, 0.25 to 10.75) vs 0 (IQR, 0 to 1; P  .05).
Several anatomic variables were significantly related to
the incidence of new DWI lesions after CAS in the univar-
iate analysis (Tables IV and V). The presence of an ulcer-
ated stenosis was significantly associated with the incidence
of any new ipsilateral DWI lesion (75% vs 45%, P  .05),
whereas the presence of a severe aortic arch calcification
(43% vs 12%, P  .05) or the presence of a severe common
carotid artery/internal carotid artery tortuosity (45% vs
14%, P  .05) were significantly associated with the inci-
dence of any new DWI lesion outside the vascular territory
of the target vessel. Patients with a common or internal
artery tortuosity 30° tended to have more new ipsilateral
DWI lesions than those without (82% vs 49%, P  .09).
The results of the multivariate analysis are shown in
Table VI. Age (considered as a continuous variable) and the
presence of an ulcerated stenosis were significant indepen-
dent risk factors for the incidence of any new ipsilateral
DWI lesion. Age (considered as a continuous variable) and
the presence of a common or internal artery tortuosity
30° were significant independent risk factors for the
incidence of any new DWI lesion outside the vascular
territory of the treated artery. The presence of a common or
internal artery tortuosity30° tended to be associated with
the incidence of any new ipsilateral DWI lesion, with an
odds ratio (OR) of 2.8 (95% confidence interval [CI], 0.9
to 298; P  .054), whereas the presence of a severe arch
calcification tended to be a predictor new DWI lesions
outside the territory of the treated artery, with anOR of 1.8
(95% CI, 0.99 to 3335; P  .05).
DISCUSSION
In the present study, we compared the prevalence of
anatomic risk factors between patients80 years and those
80 years and determined the impact of these risk factors
on the incidence of new DWI lesions after protected CAS.
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arch calcification and ulceration of the target lesions in
octogenarians that appeared to be associated with a higher
incidence of new DWI-detected lesions both inside and
outside the vascular territory of the treated vessel in this
patient population.
To date, only a few studies have quantitatively analyzed
unfavorable anatomic characteristics in older patients un-
dergoing CAS. Such anatomic features may be risk factors
for periprocedural stroke because of unavoidable guidewire
and catheter manipulations within these vessels.3,9 In the
lead-in phase of the CREST trial, severe tortuosity of the
distal internal carotid artery appeared to be the only ana-
tomic characteristic that was significantly more common in
octogenarians than in younger patients.3 That study, how-
ever, did not perform a detailed analysis of various anatomic
risk factors, for instance those associated with the aortic
arch. Recently, Lam et al9 identified a higher frequency of
several unfavorable anatomic characteristics in octogenari-
ans compared with nonoctogenarians undergoing CAS.
Those unfavorable characteristics included aortic arch elon-
gation, arch calcification, common carotid artery origin
stenosis, common carotid artery tortuosity, internal carotid
artery tortuosity, and increased degree of the stenosis of the
target artery.9 Although the small number of octogenarians
Table III. Clinical and imaging outcome data
Variable
Minor or major stroke  30 days, No. (%)
Procedures with any new ipsilateral DWI lesion, No. (%)
New ipsilateral DWI lesions, median No. (IRQ)
Procedures with new DWI lesions outside vascular territory of tre
New DWI lesions outside vascular territory of treated vessel, med
DWI, Diffusion-weighted image; IRQ, interquartile range.
Table IV. Association of anatomic risk factors with new
ipsilateral diffusion-weighted imaging lesion after carotid
artery stenting
Anatomic factor No./Total % P
Arch elongation
Present 9/14 64 .6
Absent 25/48 52
Arch calcification
Present 9/14 64 .6
Absent 25/48 52
CCA or ICA tortuosity
Present 9/11 82 .09
Absent 25/51 49
Ulcerated stenosis
Present 15/20 75 .05
Absent 19/42 45
Lesion length 1cm
Present 16/24 67 .2
Absent 18/38 47
CCA, Common carotid artery; ICA, internal carotid artery.in our study might have precluded the detection of signif-icant differences between octogenarians and younger pa-
tients for all of these previously described anatomic charac-
teristics, the incidence of aortic arch calcification and of an
ulcerated stenosis were significantly different between these
two treatment groups and could be identified as the only
risk factors for a greater lesion load after CAS as a surrogate
for thromboembolic events. In line with our findings,
advanced age has been shown to be associated with in-
creased incidences of both severe aortic arch calcifica-
tion31-33 and carotid plaque ulceration.34-36
In addition to being a useful tool to quantitatively
evaluate ischemic injury, DWI offers the opportunity to
determine the impact of anatomic risk factors on embolic
complications after CAS. In good agreement with the
previously observed increased stroke rates during CAS in
octogenarians,3,6-8 we demonstrate that this patient popu-
lation also has a very high risk of developing clinically silent
emboli, a finding that has previously also been observed in
other studies.11 The high rates of new DWI lesions in the
vascular territories independent of the side of the stented
carotid artery observed in the octogenarians are likely at-
tributable to manipulations of the more severely calcified
aortic arch, whereas the frequent occurrence of new DWI
lesions ipsilateral to the treated artery are the result of
detached embolic particles from the more severely affected
Table V. Association of anatomic risk factors with new
diffusion-weighted image lesions after carotid artery
stenting outside of target artery vascular distribution
Anatomic factor No./Total % P
Arch elongation
Present 3/14 21 1.0
Absent 9/48 19
Arch calcification
Present 6/14 43 .05
Absent 6/48 12
CCA or ICA tortuosity
Present 5/11 45 .05
Absent 7/51 14
Ulcerated stenosis
Present 6/20 30 .2
Absent 6/42 14
Lesion length 1cm
Present 5/24 21 1.0
Absent 7/38 18
CCA, Common carotid artery; ICA, internal carotid artery.
Age 80 y Age 80 y P
2 (4) 1 (8) 0.5
23 (47) 11 (85) 0.05
0 (0-3) 2 (1-5) 0.07
essel, No. 5 (10) 7 (54) 0.01
o. (IRQ) 0 (0-1) 1.5 (0.25-10.75) 0.05ated v
ian Natherosclerotic vessel wall during the catheterization pro-
CA,
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ter in this patient population.
It is thus reasonable to speculate that these two ana-
tomic characteristics are the main determinants of a higher
degree of technical complexity and thereby contribute to
the increased neurologic complication rates observed in
elderly patients during CAS. In support of this notion, the
magnitude of calcification within the aortic arch was re-
cently shown to be associated with the incidence of new
DWI lesions after coronary artery bypass grafting
(CABG).37 In that study, new DWI lesions after CABG
were found in 60% of patients with atherosclerosis of the
ascending aorta and aortic arch, whereas none were seen in
patients without signs of atherosclerosis.
Beyond advanced age being a greater risk factor for
stroke in patients undergoing CAS than CEA,38 the present
study presents additional anatomic risk factors that appear
to contribute to this increased risk as is reflected by a greater
incidence of silent DWI lesions as a marker for thrombo-
embolic events after CAS.
The clinical relevance of microembolic events resulting
in new DWI lesions is expected to differ between individual
patients, depending on the localization of the lesion in
eloquent or clinically noneloquent areas of the brain as well
as on the degree of intracranial atherosclerosis and collat-
eralization in vascular patients. This could potentially result
in a greater vulnerability to new lesion load and indicates
that several factors contribute to whether new DWI lesions
become clinically salient.
Also shown was that ipsilateral common carotid artery/
internal carotid artery tortuosity was associated with a
greater incidence of new DWI lesions both inside and
outside the treated artery territory. Although this could
possibly reflect statistical limitations due to the small sample
size, this finding might also and, more important, serve as
an indirect marker of generalized atherosclerosis/dilative
macroangiopathy. Accordingly, a qualitative assessment of
the aortic arch should also be performed in patients where
this information is available. Although the degree of aortic
arch calcification or artery tortuosity may not be altered,
prior knowledge of those anatomic vascular characteristics
reflecting the underlying degree of vascular disease is valu-
able for patient stratification and may thus contribute to
Table VI. Independent risk factors for the incidence of ne
stenting
Risk factor
Any new ipsilateral DWI lesion
Age
Ulcerated lesion
CCA or ICA tortuosity
Any new DWI lesion outside vascular territory of treated artery
Age
CCA or ICA tortuosity
Arch calcification
OR, Odds ratio; CI, confidence interval; DWI, diffusion-weighted image; Cindividual patient allocation to surgical, endovascular, oreven medical therapy in patients where the risk for peripro-
cedural stroke potentially exceeds the beneficial effects of
carotid interventions. In this scenario, the influence of
pretreatment medication such as the administration of
high-dose statin therapy, for example, should also be eval-
uated in a larger patient group.
Regarding the clinical importance of our study, certain
unfavorable anatomic risk factors should be considered
along with other patient characteristics in octogenarians to
reduce the risk for further (iatrogenic) ischemic burden and
potentially stroke after carotid interventions.
We recognize that our study has several limitations. In
addition to being retrospective, the number of patients was
rather small; therefore, the study might lack statistical
power to adequately differentiate the relative importance of
each unfavorable anatomic characteristic, some of which
occurred at a low frequency in the study population. Al-
though, for instance, a lesion length 1 cm has been shown
to be associated with increased neurologic complication
rates after CAS,30 our study found only a nonsignificant
trend toward an association between this variable and the
incidence of new ipsilateral DWI lesions.
A further point of concern is that the digital subtraction
angiograms of the complete aortic arch and target lesion
itself, as well as preprocedural and postprocedural DWI
scans, were only available for a subgroup of all patients
treated with CAS at our institution. However, the com-
bined 30-day stroke and death rates did not differ from
those obtained in our entire CAS series for symptomatic
patients (overall, 7.9%; 6.7% in patients 80 years and
14.3% in patients 80 years),1,5,17 indicating that selection
bias did not play a major role in our findings.
Finally, it should be pointed out that although we used
previously well-validated criteria to analyze the aortic arch
elongation, the common carotid artery/internal carotid
artery tortuosity, and the morphology of the carotid ar-
tery,9,29 the visual assessment of the aortic arch calcification
was more qualitative than quantitative. Future studies need
to address this important issue using more precise tech-
niques.
CONCLUSION
Octogenarians who undergo CAS for a symptomatic
ffusion-weighted image lesions after carotid artery
Coefficient OR (95% CI) P
0.053 1.05 (1.01-1.10) .05
1.4 4.3 (1.06-17.1) .05
2.8 16.9 (0.9-298) .054
0.15 1.2 (1.03-1.3) .05
2.1 8 (1.2-53.2) .05
1.8 5.9 (0.99-3335.3) .05
common carotid artery; ICA, internal carotid artery.w dicarotid stenosis have an increased prevalence of severe
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pared with those aged 80 years. The close relationship
between these two anatomic characteristics and the inci-
dence of new DWI lesions indicates that they are determi-
nants of a higher degree of technical complexity and
thereby contribute to an increased procedural risk during
CAS in this patient population.
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